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Background Previous Caucasian studies have described venous thromboembolism in pregnancy; however, little is known about its incidence during pregnancy and early postpartum period in the Chinese population. We investigated the risk of venous thromboembolism in a "real-world" cohort of pregnant Chinese women with no prior history of venous thromboembolism.
Methods
In this observational study, 15,325 pregnancies were identified in 14,162 Chinese women at Queen Mary Hospital, Hong Kong between January 2004 and September 2016. Demographic data, obstetric information, and laboratory and imaging data were retrieved and reviewed.
Results
The mean age at pregnancy was 32.4±5.3 years, and the median age was 33 years (interquartile range, 29-36 yr). Pre-existing or newly diagnosed diabetes mellitus was present in 627 women (4.1%); 359 (0.7%) women had pre-existing or newly detected hypertension. There was a small number of women with pre-existing heart disease and/or rheumatic conditions. Most deliveries (86.0%) were normal vaginal; the remaining were Cesarean section 2,146 (14.0%). The incidence of venous thromboembolism was 0.4 per 1,000 pregnancies, of which 83.3% were deep vein thrombosis and 16.7% were pulmonary embolism. In contrast to previous studies, 66.7% of venous thrombosis occurred in the first trimester.
INTRODUCTION
Venous thromboembolism, including deep vein thrombosis and pulmonary embolism, is a major health problem.
The incidence of venous thromboembolism in Western countries is approximately 1-2 cases per 1,000 persons per year [1, 2] . The risk factors for venous thromboembolism are commonly classified as patient-related and setting-related, or reversible. Pregnancy is one of the well-recognized set- ting-related risk factors and pregnant women are 4-5 times more at risk compared to non-pregnant women [3] . Pulmonary embolism is a major cause of maternal mortality in the Western world. The risk factors for venous thromboembolism amongst pregnant women include increasing age (＞35 yr), obesity, African-American race, inherited thrombophilia, and grand multiparity. In addition, factors that lead to immobility and bed rest such as preterm labor, premature rupture of membranes, and pre-eclampsia are the leading causes of maternal thromboembolism [4] . Contrary to the situation in Western countries, there is a paucity of literature on the epidemiology of venous thromboembolism in China. Despite this, venous thromboembolism is generally considered to be rare in our population. Nonetheless, recent major epidemiological transitions from infectious and/or nutritional deficiency diseases to lifestyle-related diseases and the modernization of the healthcare system in our population may affect the epidemiology and outcomes of pregnancy-related venous thromboembolism. This study aimed to describe the contemporary epidemiology of pregnancy-related venous thromboembolism, including the prevalence/incidence, risk factors, and outcome, in a cohort of Chinese patients in Hong Kong.
MATERIALS AND METHODS

Study design
This retrospective observational study was based on a hospital-based pregnancy registry. The study protocol was approved by the local Institutional Review Board. Informed consent was not obtained from patients given the registry nature of the study; nonetheless, all patient records/information were anonymized prior to analysis. Between January 2004 and September 2016, pregnant women admitted to Queen Mary Hospital, a tertiary referral hospital affiliated with an academic institution, were identified in the computer-based clinical management system. Women were excluded if they were non-Chinese, delivered before 24-weeks' gestation and/or with a birth weight of 500 g or less, had an abortion or ectopic pregnancy, had a history of venous thromboembolism, and/or had incomplete clinical and/or follow-up data. The final analysis included a total of 15,325 pregnancies in 14,162 Chinese women. All hospital admissions, outpatient clinic visits, laboratory results, and radiological images have been recorded for all patients in the computer-based clinical management system since 1996. Demographic data, cardiovascular risk factors, and obstetric information were recorded at baseline.
Hypertension was defined as resting systolic or diastolic blood pressure ≥140/90 mmHg on two occasions or the prescription of anti-hypertensive drugs. Diabetes mellitus was defined as a serum fasting glucose ≥7.0 mmol/L or the prescription of anti-diabetic medication. Venous thromboembolism during pregnancy included 1) deep vein thrombosis and 2) pulmonary embolism during pregnancy or within 6 weeks postpartum. Only symptomatic patients with objectively confirmed lower extremity deep vein thrombosis or pulmonary embolism were included in this study. Deep vein thrombosis was objectively confirmed by ultrasonography using non-compressibility of a contiguous venous segment, as per diagnostic criteria. For pulmonary embolism, computerized tomography pulmonary angiogram or ventilation/perfusion scans were considered positive if an intraluminal filling defect was seen in a segmental or larger pulmonary artery or there was a high-probability lung scan (one or more segmental or larger perfusion defect(s) with accompanying normal ventilation seen on two different views). Patients with confirmed venous thromboembolism underwent thrombophilia screening that included the measurement of anti-cardiolipin antibodies, lupus anticoagulant, protein C and protein S, and anti-thrombin III activity. As venous thromboembolism is considered rare in Chinese, routine thromboprophylaxis such as heparin was not routinely administered. Data were retrieved from the medical records and discharge summaries of the territory-wide information network of all public hospitals in Hong Kong.
Statistical analysis
Continuous and discrete variables were expressed as means±standard deviation and percentages, respectively. Statistical comparisons of baseline clinical characteristics were performed using Student's t or Fisher's exact tests, as appropriate. The incidence of venous thromboembolism was calculated. Calculations were performed using SPSS software (version 12.0, SPSS Inc, Chicago, IL, USA). All tests were two-sided and P-values ＜0.05 were considered statistically significant.
RESULTS
From January 2004 to September 2016, a total of 15,325 pregnancies in 14,162 Chinese women were identified from the computer-based clinical management system at Queen Mary Hospital. Table 1 summarizes the clinical characteristics of the study population. The mean age at pregnancy was 32.4±5.3 years and the median age was 33 years (interquartile range, 29 and 36 yr). Of these 15,325 pregnant women, 627 (4.1%) had pre-existing or newly diagnosed diabetes mellitus, while 359 (0.7%) had pre-existing or newly detected hypertension. There was a small number of women with pre-existing valvular heart disease (0.3%) and congenital heart disease (0.5%). In addition, 27 patients (0.2%) had underlying rheumatic conditions, including 16 patients with systemic lupus erythematosus and 11 with rheumatoid arthritis. Furthermore, 19 patients (0.1%) had previous or intercurrent malignancies. Most deliveries (86.0%) were normal vaginal delivery, while 2,146 women (14.0%) underwent Cesarean section.
There were six cases of venous thromboembolism (five deep venous thromboses and one pulmonary embolism) during pregnancy and the post-partum period. The incidence of venous thromboembolism was 0.40 per 1,000 pregnancies, including 0.33 per 1,000 pregnancies for deep vein thrombosis and 0.007 per 1,000 pregnancies for pulmonary embolism. The age-specific incidence of pregnancy-related venous thromboembolism increased with age, from 0% per 1,000 pregnancies in those aged ＜30 years, to 0.51 to 0.55 per 1,000 pregnancies in those aged 30-40 years and 1.38% in those older than 40 years of age (Fig. 1) . Four out of the five patients developed deep vein thrombosis (80%) during the first trimester; the remaining patient developed deep vein thrombosis in the third trimester. The only pulmonary embolism occurred in the postpartum period, four days after Cesarean section. Table 2 summarizes the clinical presentations of these six patients. Subsequent workup for thrombophilia was essentially negative for inherited thrombophilia (anti-thrombin III, protein C, and protein S activ-ities) and antiphospholipid syndrome (lupus anticoagulant and/or anti-cardiolipin antibodies). Protein S activity was borderline low in one patient (Case IV) during pregnancy but returned to normal after delivery. There was no maternal mortality related to venous thromboembolism and no patient had any recurrent venous thromboembolism one year following cessation of oral anticoagulation therapy.
DISCUSSION
In the present study, we determined the risk of pregnancy-related venous thromboembolism in a large cohort of pregnant Chinese women. First, we showed that the overall incidence of venous thromboembolism was much lower than that in a previously reported series' from a Caucasian population. Second, the occurrence of venous thromboembolism was largely confined to the first trimester. Lastly, no hematological causes for pregnancy-related venous thromboembolism were identified.
Venous thromboembolism, including deep vein thrombosis and pulmonary embolism, remains a common vascular disease with high mortality and morbidity [5] . The risk of venous thromboembolism increases during pregnancy and the postpartum period [6] . The reported incidence of venous thromboembolism in pregnant women ranges from 0.7-1.3 per 1,000 deliveries [7] [8] [9] , four to five times higher than that in non-pregnant women [3] . Pregnancy-related venous thromboembolism is one of the leading causes of maternal death, with a maternal mortality of 1.1-1.5 deaths per 100,000 deliveries in North America and Europe [3, 10] . Available epidemiological data has shown that the incidence of thromboembolism in Asian populations, particularly Chinese, is considerably lower than that of Caucasian populations [9, [11] [12] [13] . In this study, the incidence of venous thromboembolism in pregnant Chinese women in the present study was only 0.40 per 1,000 deliveries, approximately one-half to one-third that of a previous Caucasian series' as well as that of the Korean population (0.7-1.3 per 1,000 deliveries) [7] [8] [9] 13] . Similar to those previous studies, the incidence of pregnancy-related venous thromboembolism in our population appeared to increase with increasing maternal age [1, 14] and most instances of venous thromboembolism were deep vein thrombosis [15] , with all involving the left lower extremity [16] , presumably related to the anatomy of the venous system draining the lower extremities. Although the reasons for the lower incidence of venous thromboembolism amongst Chinese remain unclear, it is likely to be multifactorial, with an interplay between genetic and environmental factors. For instance, the two most prevalent thrombophilic defects, factor V R506Q, also known as factor V Leiden, and prothrombin gene G20210A mutations, have frequencies of 4.4% [17] and 3.1% [18] , respectively, in European populations but are extremely rare amongst Chinese [19, 20] . This may at least partly account for the lower overall incidence of venous thromboembolism in Chinese.
Although the risk of venous thromboembolism increases during pregnancy, the increased risk is not uniformly distributed throughout the course of pregnancy. A recent study from the United Kingdom linked primary care data from the Clinical Practice Research Datalink and secondary care from Hospital Episode Statistics between 1997 and 2010 and involved 248,953 pregnancies. The incidence of venous thromboembolism during the first trimester was only slightly higher than that during the non-pregnant period and then progressively increased, peaking around the time of delivery and the first week postpartum [21] . In stark contrast, most instances of venous thromboembolism in the present study occurred during the first trimester. Four out of the five deep vein thromboses (80%) occurred in the first trimester and one during the third trimester; the single pulmonary embolism occurred four days after Cesarean section. Consequently, the incidence of venous thromboembolism during the first trimester in the present study was comparable to or slightly lower than that of previous Caucasian series' (0.26 per 1,000 deliveries vs. 0.4-0.5 per 1,000 deliveries) [21, 22] . The lower overall incidence of pregnancy-related venous thromboembolism could be the result of much lower venous thromboembolism during late pregnancy and the early postpartum period. Indeed, the predominant physiological, anatomical, and behavioral changes responsible for the occurrence of venous thromboembolism differ at different stages of pregnancy [6] . During the first trimester, well before any significant anatomical changes, pregnancy induces a hypercoagulable state, with increased synthesis of coagulation factors II, VII, VIII, and X and fibrin; reduced production of protein S; and suppressed systemic fibrinolytic activity, resulting in venous thromboembolism [23, 24] . With increasing gestational age, physical compression of the gravid uterus on the inferior vena cava and the pelvic veins reduces venous flow velocity and increases venous stasis in the lower extremities. This becomes increasingly important in the pathogenesis of venous thromboembolism during the later stages of pregnancy [25, 26] . In addition, certain antepartum events such as preterm labor, premature rupture of membranes, and pre-eclampsia necessitating bed rest and immobility are also major risk factors for maternal venous thromboembolism. Moreover, pregnant women who undergo Cesarean section have a four-fold higher risk of venous thromboembolism (2.6 per 1,000 Cesarean sections) than that in women who have a normal vaginal delivery [27] . This may be related to greater activation of coagulation in the former as well as delayed mobilization [28] .
Being an affiliated hospital of an academic institution, we are a tertiary hospital accepting referrals of high-risk pregnant women. Since 2004, our institution has adopted the Green-top guidelines for thromboembolic risk stratification [29] , although we employ compression stockings as a mainstay of thromboprophylaxis in most Chinese women with an intermediate risk of thromboembolism and heparin only in women with high thromboembolic risk, thrombophilia, prior venous thromboembolism, or ≥3 thromboembolic risk factors. Furthermore, our institution adopts vaginal delivery as the first-line delivery method in all patients unless contraindicated and encourages mobilization until the time of delivery and early after Cesarean section. In contrast to the high proportion of Cesarean section in Europe and North America, which typically comprises one-third of all deliveries [30] , only 14% of pregnant women in the present study underwent Cesarean section. In a previous study from Hong Kong almost a decade ago, in which 20% of the women underwent Cesarean section and mobilization 36-48 hours after Cesarean section, the reported incidence of pregnancy-related venous thromboembolism was comparable to that of a previous Caucasian series of 1.88 per 1,000 deliveries [11] . In that study, 81% of venous thromboembolisms occurred in the third trimester (6%) and postpartum period (75%) and 65% of those late venous thromboembolisms occurred in patients who underwent Cesarean section. Nonetheless, only 9.4% of venous thromboembolism occurred in the first trimester (0.18 per 1,000 deliveries), which is similar to the findings of the present study. A subsequent thrombophilia study revealed only a minority of patients (−10%) with documented thrombophilia such as protein C and/or protein S deficiency [20] . The use of thromboprophylaxis, a smaller proportion of patients who underwent Cesarean section, and early mobilization after Cesarean section in the present study may underlie the difference in the incidence of venous thromboembolism during late pregnancy and the postpartum period.
Our study had several limitations. First, it was limited by its registry-based and single-center observational design. Second, Hong Kong is unique in terms of its early urbanization and Westernization. As a result, our findings cannot be generalized to less well-developed cities or suburbs in China. Third, biomarkers such as D-dimer, which are useful for the screening and/or diagnosis of venous thromboembolism when there is clinical uncertainty, were not routinely measured in our patients in a standardized manner. Therefore, our cohort represented patients with signs and symptoms of venous thromboembolism but not clinically ambiguous cases. Fourth, although thrombophilia screening was performed in all pregnant women with venous thromboembolism, genotyping of the factor V Leiden and prothrombin genes was not performed. Lastly, although we carefully ascertained all cases of venous thromboembolisms by careful examination of hospital records, laboratory and imaging results, patients with a milder form of deep vein thrombosis and/or pulmonary embolism who were not hospitalized were not included.
Our cohort of Chinese women had a substantially lower risk of venous thromboembolism during pregnancy and postpartum period than their Caucasian counterparts. The occurrence of venous thromboembolism in late pregnancy and postpartum period is rare, which could be related to the use of thromboprophylaxis, a low rate of Cesarean section, and early mobilization in our center.
